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# MDE has three air quality (AQ) ol e
forecasters who issue daily 3-day S e
forecasts from April 15 to September
30 for both ozone and fine
particulates (PM, ;). S A\

#E Forecasters use several forecast
tools, including numerical and
statistical models. AQ-MOS is a new
tool this year

2 This study evaluates the accuracy of
the ozone forecast tools for June,
July, and August 2010.
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Baltimore

6

33

DC Metro

3

33

Western MD

Eastern Shore

3

35

Average max
8-hour ozone 2009
— 2010

% DC 55— 66 ppb
% WM 48 — 58 ppb

HEES 47— 56ppb




MDE

Daily 8-Hour Max (ppb)
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Baltimore Day 1 Ozone: 2009 vs. 2010 Observations

Data is Preliminary

——— 2009 Observations
— 2010 Observations

f\

DEPARTMENT OF THE ENVIRONMENT



#E Regional Regression Models (Ryan, PSU)
I BA:R1 & R2

2 DC: R1, R2, & RB (average of R1 & R2)

% WM: R1, R2, & RB (average of R2 & NOAA)

I ES:R1&R2

& NOAA Ozone Model
#& Forecast
% AQ-MOS

# Blue Sky Ozone Model

#& Forecast
 AQ-MOS
# Poor Man’s Ensemble (Average of All) "
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2 For NOAA and Blue Sky forecasts and AQ-MQOS for
each, point forecasts were used to determine the 8-
hour maximum ozone for each region.

# The Regression Models also provided specific ozone
concentrations for each region.

2 The overall results presented here are an average for
the four Maryland forecast regions.

2 The highest daily monitor in each region was used as
the observation for statistical verification.
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Microsoft Excel - 2009 03 forecast verification.xls
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D& - A =IF(COUNTBLANK(DT)=1."".IF(DT<60,1.2)}
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| 1] (DC & WM forecasts are consensus forecasts) Mote that Day 1. Day2, and Day 3 refer to forecast days not model runs
2
3]
| 4 | enter data
| § | Data Date | 1 2 3 4 L} 6 7 8 9 10 | 11 12 13 14 15 16 17 |18 19 20 29 22 23 24 25| 26 27T 28 29 30 31
| 6 |Category Measured 2 2 2 AN 2 2 2 2 2 AN 2z 20 2 f20 2 2 AN 2 2 2T
| 7 |ppb Measured 84 46 71 60 | 63 42 47 63 61 62 68 | 64 51 &7 T0O 85 68 | 83 64 69 47 40 57 53 | 69 | 68 76 | 42 | 46 | 53 31
| & |MD Forecast 2 M 2 2 2 2 2 [N 2N 2 2N :EN 2 2 2 2 AN : 2 2 EEE
| 9 |MD Verification 1 0 0 0 0 1 1 -1 0 0 0 0 0 1 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
| 10 [MD Forecast 2 2 2 M2 2 2 2 200NN > N BN c : NN - N
| 11 |[MD Verification 1 1 0 0 0 1 1 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 1 0
| 12 [NC Forecast 2 2 INEETCN 2 2 EENEEEN 2 [T 2 I R R R R N -
| 13 |[NC Verification 1 1 -1 0 0 1 1 -1 0 0 0 0 0 -1 0 0 -1 0 0 0 1 0 0 0 0 1 0
| 14 [MD Forecast 2 2 2N 2 2 2 2 2 NNENEEEE c: o 2EZENEN c N 2 2 2 [
| 15 |MD Verification 1 1 0 0 0 1 1 0 0 0 -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(16 |Reg 1 Forecast 7 2 20" 2 M2WWZN’ 2 T2 T2 M2NWzN > AN 2 " 2 W2Nt2iWzNT2 T2 T WEEC 2 T2 7 2 7 2 [
17 |Reg 1 Verification 1 1 0 0 0 1 1 0 0 0 0 -1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
| 18 |Reg 2 Forecast T2 "2 T2 MENTMEZNT 2 "2 MEUTENTZY 2 (ANTANTENENTETTEITETTZ 2 T2 T AW 2 T2 (2N 2 [
| 19 |[Reg 2 Verification 1 1 0 0 0 1 1 0 0 0 0 -1 0 0 -1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
| 20 [NOAA Op Forecast "2 "2 MV 2 2 EEn: 2 T2 T2 72 Al
| 21 |[NOAA Op Verification 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0
| 22 [NOAA Exp Forecast [IZININTZNIENTCNIEN" = "2 "> N > 020 > e NTen” 2 (SN T 2 [
| 23 |NOAA Exp Verification 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 1 1 0
| 24 [NC Forecast N - - e T2 T2 A N E T AT [l 2 i N -
| 25 |NC Verification 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0
26 |NYS-N1-12z " 2 EEEZEE Y > RN > W > N 2 2 7 2 "2 ANz 2 T2 [ 2 Wl
| 27 |N1 Verification 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1 0 1 0
28 |Ensemble Forecast (2222 " > Mznzn e 2 MEN 2 "> BN 2 T2 T2 72 T2 T2 W 2 &3 |
| 29 |Ensemble Verification 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 0
| 30 |ppb Forecast 5 | 60 FO 86 | T2 B0 B2 | 67 | 73 B8O 55 | 50 40 55 6O | TO 85 | 80 F0 B0 5T 35 45 59 | BO | 75 60 | 45 | 40 40 | 55
| 31 |ppb Difference 21 14 -1 26 9 18 | 15 4 12 18 13 14 | -1 -2 10 15 | 17 | 3 6 -89 10 | -5 12 6 -9 7 -16 3 6 13 24
| 32 |ppb Absolute Value 21 14 1 26 9 18 | 15 4 12 118 13 14 | 11 2 10 | 15 17 | 3 6 9 10 5 12 6 9 7 16 3 6 13 | 24
| 33 |ppb Squared 441 196 1 676 81 | 324 225 16 144 | 324 | 169 196 121 4 100 225 289 9 36 | 81 100 25 144 36 81 49 286 9 | 36 169 576
| 34 |ppb Forecast 74 | 77 B9  B7 86 65 | B4 | F4 | B6 91 69 | 58 B4 65 | B0 | T4 79 |80 F6 | B4 | BT 67 | B4 | B4 | T3 62 | 44 | 48 46 | 36
| 35 |ppb Difference 20 | 3 2 | 27 | 23 | 23 |17 | 11 | 25 | 29 1 -6 3 2 10|11 11 | -3 |12 | -5 | 20 0 1 | -5 5 14 | 2 2 -7 5
| 36 |ppb Absolute Value 20 A 2 27 | 23 123 |17 | 11 | 25 | 29 1 6 3 2 10 M 11 3 12 5 20 0 11 5 5 14 2 2 7 5
| 37 |ppb Squared 400 | 961 4 | 729 529 529 | 289 | 121 625 841 1 36 9 4 100 121 121 | 9 | 144 25 400 0 121 | 25 | 25 196 4 4 |49 | 25
| 38 |ppb Forecast 69 | T1 64 B5 B9 64 66 | FB | 90 8B5 B4 52 52 50 59 76 84 | 87 76 | 61 66 58 66 | 67 | 79 67 | 49 | 53 | 55 | 42
| 39 |ppb Difference 15 | 25 -f |25 | 26 22 19 15 | 29 23 4 12 1 -7 11 -8 16 4 12 | -8 19 1 13 20 N -9 7 7 2 M
| 40 |ppb Absolute Value 15 | 25 T |25 26 22 19 15 | 29 23 4 12 1 T M 9 16 4 12 8 19 1 13 | 2 1 9 7 7 2 M
| 41 |ppb Squared 225 | 625 49 | 625 676 | 484 | 361 225 841 529 16 | 144 | 1 49 121 81 | 256 16 144 64 361 1 169
| 42 |ppb Forecast 79 | 50 89 92 &1 5 B0 B85 103 112 F§ 66 &G0  FO F8 122 141 | 94 B85 75| 95 BB 79 95
| 43 |ppb Difference 25 4 18 | 32 18 14 | 33 | 22 | 42 &0 10 2 -1 13 | 8 T T3 11 A 6 43 28 22 42
44 |ppb Absolute Value 25 4 18 | 32 18 14 | 33 | 22 | 42 &0 10 2 1 13 | 8 3T T3 11 A 6 43 | 28 22 | 42
M4 4 » M|\ Forecast Stats 4/ FC Tool Stats 4 FC Tool Graphics 4 May 2009 # June 2009 4 July 2009 % August 2009 H I<l | i

Ready
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#& Percentage Correct:

CONTINGENCY TABLE

(a+d)/(a+b+c+d)
a b
& Critical Success Index: Forecast= Y | Forecast>Y
a/ (a+b+c) Observed 2 Y | Observed <Y
2 Hit Rate: a/(a+hb)
C d
. 3 £ : " +
2 False Alarm Ratio: b/(a+b) corecast <Y | Forecast <Y
7k Bias: (a+b)/ (a+C) Observed = Y | Observed < Y

Not comparable to last year’s results because new threshold is USG (Orange) and above.
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#Z& MDE Forecasters
scored the highest
with 87% correct.

# AQ-MOS was
better than raw
model results.

# Ensemble did
much better, given
low AQ-MOS to
offset high model
results.

——
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Day 1 Ozone: Percentage Correct
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# MDE Forecasters
and NOAA model
scored the highest
with 39%.

2% The model results
outperformed AQ-
MOS.

# The Regression
models also did
well.
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Day 1 Ozone: Critical Success Index




ZL MDE Forecasters
and the Ensemble
scored the highest
with 48%.

2 There was little
difference between
NOAA and AQ-
MOS.

¥ Blue Sky AQ-
MOS had a 0% Hit
Rate

Day 1 Ozone: Hit Rate




¥ Blue Sky AQ-
MOS had the
lowest false alarm
rate with 38%.

2 The MDE
Forecasters and the
Ensemble were
next with 58%.

¥ Regression 2 had
the worst ratio of

63%. The rest were

also high.
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Day 1 Ozone: False Alarm Ratio
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2 Blue Sky AQ-MOS
was bias free.

2 All others over-
predicted Code
Orange and above
AQI.

# The highest bias
was for the NOAA
and Blue Sky
Models.

Day 1 Ozone: Bias
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2% Mean Error: average of each forecast minus the
paired observation.

#& Mean Square Error: sum of squared errors
divided by number of forecasts.

£ Gross Error: summed absolute value of errors
divided by the average times the total number.

#E Root Mean Square Error: average of the square
root of mean square error.

Comparable to last year’s results.




Day 1 Ozone: Mean Error (ppb)

Day 1 Ozone: Mean Error (ppb)

#E Across the board improvements over last year!
# Both AQ-MOS have negative mean errors

2L Best are MDE Forecasters and NOAA AQ-MOS (£2.4 ppb)
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2010 2009

Day 1 Ozone: Mean Square Error (ppb 2)

Day 1 Ozone: Mean Square Error (ppb 2) 450
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2 2010 mean square error similar to 2009 results.
2 Ensemble performance improved in 2010.
& Both AQ-MOS are better than the models.




2010 2009

Day 1 Ozone: Gross Error

Day 1 Ozone: Gross Error

20%

15% A

10% A

5%

# 2010 gross errors similar to 2009 results.
# NOAA and Ensemble performance improved in 2010.

# Both AQ-MOS gross errors are similar to the models.
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Day 1 Ozone: Root Mean Square Error b
Day 1 Ozone: Root Mean Square Error (ppb) y q (Ppb)
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2 2010 gross errors similar to 2009 results.
# NOAA and Ensemble performance improved in 2010.
2 Both AQ-MOS gross errors are less than the models.
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1.
2.
3.
4.
D.

MDE Forecasters 6. Regression 1*

Ensemble /. Regression 2*

NOAA AQ-MOS 8. NOAA Model
9.

Blue Sky AQ-MOS Blue Sky Model

Regression Blend * tied
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2 How does the regional performance of specific forecast
tools vary from day to day?

2 Were there specific days when all forecast tools performed
well in a particular region?

2 Were there specific days when all forecast tools performed
poorly in a particular region?

NOTE: All time series are for daily 8-hour maximum ozone.
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Baltimore Region
Ozone Forecasts
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Baltimore Day 1 Ozone: MDE Forecasts

Data is Preliminary

— Observations
—— MDE Forecast
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We had problems forecasting days above Code Orange.
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Daily 8-Hour Max (ppb)

Baltimore Day 1 Ozone: Regressions

Data is Preliminary

—— Observations

— Regression 1
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—— Regression 2
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Best results were in August.
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Baltimore Day 1 Ozone: NOAA Model and AQ-MOS
Data is Preliminary
— Observations
— NOAA AQ-MOS
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Baltimore Day 1 Ozone: Blue Sky and AQ-MOS

Data is Preliminary

140 —— Observations _
— Blue Sky AQ-MOS
—— Blue Sky Forecast
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Again, AQ-MOS underpredicted.
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Daily 8-Hour Max (ppb)
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Baltimore Day 1 Ozone: Ensemble

Data is Preliminary

— Observations
—— Ensemble
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Big improvements over last year.
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DC Metropolitan Region
Ozone Forecasts




Daily 8-Hour Max (ppb)

140 — Observations
—— MDE Forecast
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DC Day 1 Ozone: MDE/MWCOG Consensus Forecasts

Data is Preliminary
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Daily 8-Hour Max (ppb)

DC Day 1 Ozone: Regressions

Data is Preliminary
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—— Regression 1
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Big overpredictions in July.
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DC Day 1 Ozone: NOAA Model and AQ-MOS

Data is Preliminary

—— Observations
— NOAA AQ-MOS
140 —— NOAA Forecast
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DC Day 1 Ozone: Blue Sky and AQ-MOS
140 — Observations
—— Blue Sky AQ-MOS
| —— Blue Sky Forecast
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AQ-MOS underpredicts ozone.
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DC Day 1 Ozone: Ensemble and Regression Blend

Data is Preliminary

— Observations
—— Ensemble
—— Regression Blend
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Western Maryland Region
Ozone Forecasts
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Western MD Day 1 Ozone: MDE/VDEQ Consensus Forecasts

Data is Preliminary

—— Observations |

—— MDE Forecast
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Daily 8-Hour Max (ppb)

Western MD Day 1 Ozone: Regressions

Data is Preliminary
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— Regression 1
—— Regression 2
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Western MD Day 1 Ozone: NOAA Model and AQ-MOS
Data is Preliminary
140 — Observations |
— NOAA AQ-MOS
—— NOAA Forecast
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AQ-MOS undepredictions in June.
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Daily 8-Hour Max (ppb)
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—— Blue Sky Forecast
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Western MD Day 1 Ozone: Blue Sky and AQ-MOS

Data is Preliminary

— Observations

AQ-MOS does very well iIn WM.
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Daily 8-Hour Max (ppb)
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Western MD Day 1 Ozone: Ensemble and Regression Blend

Data is Preliminary

—— Ensemble

— Observations

—— Regression Blend
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Two Code Orange peaks missed.
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Eastern Shore Region
Ozone Forecasts




Daily 8-Hour Max (ppb)
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Eastern Shore Day 1 Ozone: MDE Forecasts

Data is Preliminary
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Most overpredict ozone in ES.
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Eastern Shore Day 1 Ozone: Regressions

Data is Preliminary
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~ Regression 1 is slightly better than Regression 2.
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Eastern Shore Day 1 Ozone: NOAA Model and AQ-MOS

Data is Preliminary

— Observations i

— NOAA AQ-MOS

—— NOAA Forecast
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Even AQ-MOS has a number of overpredicti
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Daily 8-Hour Max (ppb)

140

120

100

80

60 {1 -

40

20

Eastern Shore Day 1 Ozone: Blue Sky and AQ-MOS

Data is Preliminary

— Observations i
— Blue Sky AQ-MOS
—— Blue Sky Forecast
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AQ-MOS does well again.
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Eastern Shore Day 1 Ozone: Ensemble

Data is Preliminary
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7% Use NOAA/Blue Sky Model results as
maximums.

#E Use both AQ-MOS as minimums.
#E Then forecast within this range.
#E Use Ensemble for more precise guidance.

#E Encourage multi-day runs for AQ forecast
models (NC Model: Please come back!!)
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